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BACKGROUND DOCUMENT 

TRANSIT LOSSES FROM GASOLINE TANK TRUCKS 

1 .O INTRODUCTION 

T h i s  document pertains only t o  the emission factors for  t r a n s i t  
losses from gasoline t a n k  trucks presented i n  Table 4.4-3 of AP-42 
and t o  the text  t h a t  deals w i t h  these factors.  The remainder o f  
Section 4.4 was prepared by others,  and the background for  the i r  
calculations is found elsewhere. 

2.0 THEORETICAL CALCULATIONS OF EMISSIONS 

A theoretical analysis of truck t r a n s i t  breathing loss was made 
1 by Nichols u s i n g  an isothermal s t i r r e d  tank as a model. Calcula- 

tions were made for  two s i tuat ions:  ( 1 )  where the tank has an  open 
vent, and (2)  where the tank  has a P/V valve which prevents a l l  venting 
u n t i l  the valve opening pressure is  reached and allows f ree  venting 
thereafter.  

1 ,  2 2.1 TRANSIT WITH FULL FUEL LOADS 

For truck t r ans i t  w i t h  a fu l l  fuel load from the terminal, venting 
was assumed t o  occur until  the fuel vapor space was saturated t o  the 
fuel vapor pressure. When th i s  s t a t e  i s  reached, no further pressure 
increases occur. The following equation was used to estimate losses 
from tanks with open vents and fu l l  fuel loads: 

V gm/gal transferred = 0.7057 G p 
7 

where VG = vapor space volume 

VL = liquid fuel volume (same units a s  vG) 

-1- 



P = atmospheric pressure, psia 

S1 = vapor saturation on leaving terminal, f ract ion of 1 .OO 

S2 = vapor saturation upon arr ival  a t  unloading s ta t ion ,  fraction of 1.00 

P o  = fuel vapor pressure, psia ti 

For losses from tanks with P/V valves and fu l l  fuel loads, the following 
equation was used: 

3 V gm/gal transferred = 0.7057 - G Pv 
vL 

where symbols a re  as above and 

P = vent opening pressure, psia 

ST = vapor saturation a t  the vent opening pressure on leaving 
terminal, f ract ion of 1 .OO 

S* = vapor saturation a t  the vent opening pressure upon arrival 
a t  unloading s ta t ion ,  f ract ion of 1.00 

The constant of 0 . a 5 7  in the equations contains the assumption 
tha t  the temperature i s  74.1"F (534.l0R) and the mole weight 
of the fuel vapor i s  66.7 ( l b  m/lb mole). 

V 

Calculations were made fo r  both s i tuat ions using the follow- 
ing values. Since no experimental data base was available, a 
series of values was used for  some of the parameters i n  an 
e f fo r t  t o  cover the en t i re  range of reasonable values. 

- 'G = 0.05, 0.10, 0.15 
vL 

P = 14.7 psia 

S1 = 0. 0.2,  0.5, 0.85, 0.95 

s2 = 1.00 
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'1 

P; = 5.87 p s i a  

Pv = 15.675 p s i a  (27 inches of H20) 

ST = 0.1661, 0.3661, 0.6661, 1 .OO 

s* = 1.00 2 

Resul ts  a re  shown on the  f o l l o w i n g  page i n  Table B-1 taken 
from Reference 1. 

3 .  gm/gal (0.015 - 0.379 lb /103 ga l ;  9.002 - 0.045 kg/lO l i t e r s )  f o r  
t h e  open vent s i t u a t i o n ,  and from 0 t o  0.1538 gm/gal (0  - 0.339 

lb /10  gal ;  0 - 0.041 kg/lO l i t e r s )  f o r  the vent va lve s i t u a t i o n .  

Calcu lated losses ranged from 0.0066 t o  0.1717 

3 3 .  

The above c a l c u l a t i o n s  are  based on the  assumption t h a t  the  
tank leaks a t  a r a t e  s u f f i c i e n t  t o  d i s s i p a t e  a l l  tank pressure 

dur ing  the  course o f  a t r i p .  Some c a l c u l a t i o n s  were done us ing 

i n fo rma t ion  on t y p i c a l  leak  ra tes  a v a i l a b l e  a t  t h e  time,' which 
i nd i ca ted  t h a t  pressure w i t h i n  excep t iona l l y  t i g h t  tanks may n o t  
be d i ss ipa ted  i n  a 60 minute t r i p ,  a l though i t  u s u a l l y  i s .  

2.2 TRANSIST WITH VAPOR LOADS (RETURN  TRIP)^ 
Theore t ica l  values f o r  maximum emissions were c a l c u l a t e d  by 

assuming t h a t  t h e  res idua l  f u e l  present  i n  the  tank a f t e r  t h e  

l oad  i s  de l i ve red  vapor izes imned ia te ly  and so causes vapor 
vent ing  from t h e  tank a t  t h e  h ighes t  i n i t i a l  tank pressure.  The 

amount o f  vapor l o s t  depends on t h e  r a t e  o f  leakage o f  t h e  tank, 
which i n  t u r n  determines t h e  r e s i d u a l  pressure i n  t h e  tank when 

i t  reaches t h e  r e f u e l i n g  te rmina l .  For t r i p s  o f  s u f f i c i e n t  

du ra t i on  t o  permi t  maximum d i s s i p a t i o n  o f  pressure, ven t ing  
losses can be c a l c u l a t e d  us ing  the  same equations t h a t  were app l ied  

t o  the  f u l l  l oad  case descr ibed i n  Sect ion 2.1. Since no exper i -  
mental data base was a v a i l a b l e ,  a se r ies  o f  values was used f o r  
each parameter i n  an e f f o r t  t o  cover t h e  e n t i r e  range o f  reason- 

ab le  values. 
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s =  
1 

P =  14.7 

vVlvG 
;IO VG/VL = 0.05 
=xu 
Ut. VG/VL = 0.10 
‘2 
2 u  vG/v, C 0.15 U >  

0. .2 .5 .85 .95 

.5097 .4265 .2870 .0951 .0327 

.0572 .0555 .0453 . 0182  .0066 

.1145 .I110 .0906 .0365 .0132 

.I717 .I665 .1359 .0547 .0198 

P =  15.675 Sf = 

-4- 

.1661 .3661 .6661 

vv/vG 
;IO VG/VL = 0.05 
<l4 
U b  V(;/V, = 0.10 ‘-2 

VcfV, 0. I5 I w  
1‘. 5 

.4050 .3217 .I822 

. 0 5 1 3  .0466 .0316 

. 1025 .0933 .0633 

.I538 .1399 .0949 



'G = 1.05, 1.10, 1.15 
VI 
P = 14.7 ps ia  

S1 

S2 
Ph = 5.87 psia 

= 0 ,  0.3261, 0.7065, 0.8152 

= 0.200, 0.500, 0.850, 0.950 

= 15.675 ps i a  (27 inches o f  H20) 

= 0.1661, 0.4922, 0.8726, 0.9813 

= 0.2055, 0.5265, 0.9M9, 1 .OOO 

p" 

s; 
S; 

Results a re  shown on the following page in Table 8-2 taken from 
Reference 1 .  
(0.082 - 0.772 lb/103 gal ;  0.010 - 0.093 kg/103 l i t e r s )  for  the 
open vent s i tuat ion,  and  from 0.013 t o  0.067 gm/gal (0.029 - 

Venting losses ranged from 0.037 t o  0.350 gm/gal 

I .. 
0.148 lb/lO' gal ;  0.003 - 0.018 kg/lO' l i t e r s )  for the vent 
s i tuat ion.  

In si tuat ions where residual pressure s t i l l  remains i n  
tank, losses can be calculated from the following equation: 

valve 

the 

gm/gal transferred = 4.142 ( S 2 )  ( P v  - P R )  (V,) 
- 

pV vL 

where symbols a re  as  previously defined and 

PR = residual tank pressure, psia 

The constant of 4.142 contains the assumption tha t  P i  = 5.87 psia, 
MH = 66.7 l b  m/lb mole, and T = 74.1OF. 

Since no experimental measurements of PR were available,  
calculations were made for  a wide range of theoret ical ly  
possible values. 
lated from the above equation: 

Using the following values, losses were calcu- 
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- 
s1 - P =  14.7 

s2 = 
v,/v, = 

;I n V ~ / V L =  1.05 
4 w  
U . H V,/VL = I .  I O  . z  
2 w v G / v L =  1 . 1 5  u >  

. o  -3261  .7065 .8152  

. 2  . 5000  . 8500  .9500 

.0832  .OB32 .0832  .0832  

.0367 .1499 .2820  .3197 

.0385 . 1571 .2954 .3350 

.0402 . I 6 4 2  .3088 .3502 

SI = 
s1 = 
sf = 

v V / v G  = 

V G / V L  = 1.05  
J c l  
U H  VG/VL = 1.10  

5 6 V c / V L  1 .15  u >  

* 

-6- 

- 

.OOOO .3261 .7065 .E152 

. I 6 6 1  .4922  .8726 .9813 

.2055 .5265 .9009 1 .000  

.0159 .0159  .0159 .0112 

.0128 .0351 .0612  .0481 

. 0134 . 0368 .0641 .0504 

.0140  .0385  .0670  .0527 



h 

S $  = 1 .OO, 0.9009, 0.5265, 0.2055 

P, = 15.675 ps ia  (27 inches o f  H20) 

PR = 20 d i f f e r e n t  values rang ing  from 14.7 t o  15.58 p s i a  (0.0 
t o  21.6 inches o f  H20) 

"G = 1.05, 1.10. 1.15 
T- 

Resul ts  are shown on t h e  f o l l o w i n g  page i n  Table 8.7 taken from 
Reference 1. Losses ranged from 0.011 t o  0.296 gm/gal (0.024 - 
0.653 lb/103 gal ;  0.0031 - 0.078 kg/lO l i t e r s ) .  3 .  

1, 3, 4 3.0 MODIFIED CALCULATIONS BASED ON EXPERIMENTAL DATA 

The t h e o r e t i c a l  c a l c u l a t i o n s  above covered t h e  e n t i r e  range 

of values f o r  most o f  t h e  parameters f o r  which no f i e l d  measure- 
ments had been made (S1, S2, S i ,  S;, Pv, and PR). Subsequently, 
experiments were conducted t o  determine where t y p i c a l  values 
l a y  w i t h i n  t h e  range of values considered t h e o r e t i c a l l y .  
Pressure measurements were made on tank t rucks  w h i l e  they were 
f i l l e d  w i t h  fuel  and i n  t r a n s i t .  Pressures va r ied  w ide ly  and 
f requent ly  were negat ive because a i r ,  o r i g i n a l l y  present i n  the  

vapor space, d isso lved i n  t h e  f r e s h l y  charged f u e l .  Th is  
s i t u a t i o n  i s  apparent ly  t y p i c a l  o f  f u e l  t h a t  has been s to red  i n  
f l o a t i n g  roof  tanks and i s  n o t  sa tura ted  w i t h  a i r .  

I n  add i t i on ,  vent va lves were shown t o  open p a r t i a l l y  r a t h e r  
than f u l l y  a t  the  va lve  opening pressure.  Vapors i n  tanks were 

found t o  be somewhat l e s s  than sa tura ted  (71 t o  96 percent)  i n -  
stead o f  100 percent saturated,  as o r i g i n a l l y  assumed, when a 

value o f  1.00 was chosen f o r  Si i n  t h e  computations shown i n  Table 
8-1 f rom Reference 1. Moreover; t r u c k  leakage r a t e s  were shown t o  be 
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T A B L E  B . 7  B L O W D O W N  LOSS F O R  V A R I O U S  F U E L  DROP 

V E N T  S P A C E  A N D  T A N K  L E A K A G E  S I T U A T I O N S  

A P R  IN.  HZO 

V,/VL = 1.05 

V G / V L  = 1.10  

V G / V L  = I .  15 

0.0 1.54 6.69 15 .23  20. 72 

.2706 . 2 5 5 2  .2035 .1180  .0629 

.2835 .2673 .2132  . I 2 3 6  . 0 6 5 9  

.2964 .2795  .2229 . 1292  .0689 

S$ = . 9009  

0. 0 1. 8 7 .12  15 .35  20. 75 

. 2438 .2275 . I 7 9 5  . IO52 .0564 

.2554  .2384 - 1 8 8 0  . I 1 0 2  .0591  

.2670  , 2 4 9 2  . I 9 6 6  . I 1 5 2  .0618  
* S2 = .5265 

0. 0 2. 2 7. 2 1 5 . 7  21.0 

. I 4 2 5  . I 3 0 9  . IO45 .0596  .0317 

- 1 4 9 2  . I 3 7 1  .IO94 .0625 .0332 

. I 5 6 0  . I 4 3 3  . I 1 4 4  .0653 .0347 

ST = . 2055 

0.45 3.45 7 .46  16. 7 21.6 

.0547 .0485  .0402  .0212  .0111 

.0573  . m o a  . 0422  .0222 .0117 

.OS99 .0531 .0441 .0232  .0122 

0. 0 

.0556 

.0583 

.0609 
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much lower than previously supposed--possibly as little as 5 
percent of the rates used in the theoretical calculations. 

Based on all these findings--specifically, a tank pressure 
(P,) of 14.81 psia (3 inches of H20), leakage that persisted 
for 5 minutes before the tank pressure became negative, and a 
leak rate of 5 percent of that used previously--the authors of 
Reference 3 estimated that losses from transit with full loads 

3 3 are 0 - 0.035 gm/gal (0 - 0.077 lb/10 gal; 0 - 0.009 kg/lO 
liters) rather than the 0 - 0.0172 gm/gal that was computed 
theoretically. These calculations were performed using a 
computer program that employs the same fundamental equations given 
in Sections 2.1 and 2.2 and also considers leakage rates expressed 
as equivalent orifice diameters. A complete explanation is 
given in References 1 and 3. A s u n a r y  of the results is shown 
in Table 1 ,  taken from a June 10, 1977 letter from R.A. Nichols 
to H.B.Uhlig of Chevron USA, Inc., San Francisco, California. 4 

Experimental tests showed that the degree of saturation of 
vapors in empty tankers returning to be refilled was lower than 
Previously estimated. A value for Si of 0.10 was selected by 
the authors of Reference 3 as more representative than the values 
used in the theoretical caiculations. The lower tank leakage rates 
also reduced the losses as compared with the original estimates. 

3 A range of values from 0 to 0.166 grn/gal (0 - 0.366 lb/10 gal; 
0 - 0.044 kg/lO liters) was selected rather than the 0.011 - 
0.350 gm/gal estimated from the theoretical analysis. 

3 

!lo experiments have been attempted for the purpose ofmoni- 
toring the actual hydrocarbon emissions from tank trucks as they 
are in transit. 
detected by weighing (or otherwise measuring) the load at the 
start and end of each run. Experiments have been designed to 
provide values for the various parameters used to compute losses 
from well established theoretical principles, however. 

The losses are so small that they could not be 

-9- 



m 
8 
;I 

61 
U 
G 
X < w a 

n z 
< 
I- 
v: 
z < 
C 
I- 

I 

X 
V 
3 
a 
I- 

- 
W 

5 
t- 
z 

- - 
Q. 
0 

0 

0 
N 

N' 

- - 
0. 
0 

0 

0 

0 

0 

0 

0 

. . . . . . . . . . . .  - -  
A -  m t -  m m m - 0 Q'o t - - t -  - m t- - m . D  - x t - q . m " I  

0 0 0 - - N q. In0.009 
0.0 0 0 0 0 3 0 0 - m -  . . . . . . . . . . . .  

1 -  

- " I N 0 9 6 0 9 m m  0 
N N m d d a O m m  m 
N ' N ' N ' N ' N '  N rr) m U 

. . . .  

m v - b 0 . O F - O N  a 
- N . D 0 . - - G O O  t- 
Q . O I 0 . 0 . O - N q . a  N 
O O O O - - - - -  N . . . . . . . . .  

R .  A .  Nichols 
Engineering 

L 
3 
V 
v 

N . 5 0 2 9  $ 
m t -  o 0 N m  - E o '  VI 

VI . .  9 N m t- N \o d ~ ~ m m m m  - 
0 o 0 o - N m m c o ~ m ~  
0 0 0 0 0 0 0 0 0 0 0 -  

.o c:: ,o - "I .D P "I N U! O N O N -  9 

. . . . . . . . . . . .  
E - -  a -  

& 

0 
0 
0 

N 
0 
0 
0 

* 
0 
0 
0 

9 
0 
0 
0 

OD 
0 
0 
0 

m 
0 
0 

- - N 
0 
0 

0 
m 
0 
0 

m 
m 
0 
0 

m 
0 
0 

m 

t - ~ O V 1 N I O t - 0 0 0  
m t - m m - m * - *  m 
0 0 - N m m m N -  m 
0 0 0 0 0 0 0 - N  m . . . . . . . . .  
N " I . D O m N m o 0 .  0. 
o o o - - ~ n m m  n 
0 0 0 0 0 0 0 0 0  - 
0 0 0 0 0 0 0 0 0  0 . . . . . . . . .  

m m  
N q . t - - m O O O O  0 

O O - - - . U N m d  rn 
m t - o m m o m 0 0  0 

- .  . . . . . . . . .  

- 
In 
m 
0 

c'; 

: 

-10- 



REFERENCES 

1. Nichols,  R.A., "Ana ly t i ca l  Ca lcu la t i on  o f  Fuel T r a n s i t  
Breath ing Loss." Prepared by R.A. N ichols  Engineering, 
Corona del  Mar, Ca., f o r  Chevron USA, Inc. .  San Francisco, 
Ca., March 21, 1977. 

2. C a l i f o r n i a  A i r  Resources Board (CARB), "De l i ve ry  Tank F i e l d  
Results." Attachment 2 t o  S t a f f  Report 77-5-1, March 15, 1977. 

3.  Nichols ,  R.A., "Tank Truck Leakage Measurements." Prepared 
by R.A. N icho ls  Engineering, Corona del  Mar, Ca., f o r  Chevron 

'USA, Inc., San Francisco, Ca., June 7, 1977. 

4. P r i v a t e  correspondence from R.A. N ichols  o f  R.A. N ichols  
Engineering, Coronadel Mar, Ca., t o  H.B. U h l i g  o f  Chevron 
USA, Inc. ,  San Francisco, Ca., June 10, 1977. 

-11- 
0 


